Infections (including sepsis, meningitis, pneumonia and tetanus) stand as a major contributor to neonatal mortality in Haiti (22%). Infants acquire bacteria that cause neonatal sepsis directly from the mother's blood, skin or vaginal tract either before or during delivery. Nosocomial and environmental pathogens introduce further risk after delivery. The absence of cohesive medical systems and methods for collecting information limits the available data in countries such as Haiti. This study seeks to add more information on the burden of severe bacterial infections and their etiology in neonates of Haiti. Researchers conducted a secondary retrospective analysis of a de-identified database from the Neonatal Intensive Care Unit (NICU) at Nos Petit Frères et Soeurs-St. Damien Hospital (NPFS-SDH). Records from 1292 neonates admitted to the NICU at NPFS-SDH in Port-au-Prince Haiti from 2013 to 2015 were reviewed. Sepsis accounted for 708 of 1292 (54.8%) of all admissions to the NICU. Infants admitted for sepsis had a mortality rate of 23% (163 of 708 infants admitted for sepsis). The most common organism cultured was Streptococcus agalactiae, followed by Klebsiella pneumoniae, Pseudomonas aeroginusa, Enterobacter aerogenes, Staphylococcus aureus and Proteus mirabillis. Failure to order or obtain a culture was associated with an increased fatality (odds ratio 2.4) for infants with sepsis. Resistance should be a concern when treating empirically. 
I N T R O D U C T I O N
The neonatal mortality rate in Haiti is 25 per 1000 live births, higher than all of its Caribbean neighbors and nearly seven times that of the USA [1] . Infections (including sepsis, meningitis, pneumonia and tetanus) stand as a major contributor to neonatal mortality in Haiti (22%) [2] . High rates of home births, poor environmental conditions and poverty contribute to a greater prevalence of neonatal sepsis (<1 month of life) in low-income countries [3] . Infants acquire bacteria that cause neonatal sepsis directly from the mother's blood, skin or vaginal tract either before or during delivery [3] . Nosocomial and environmental pathogens introduce further risk after delivery. Significant perinatal risk factors include preterm delivery, intrapartum fever and prolonged rupture of membranes during labor [4] . Despite large gaps in our knowledge of neonatal sepsis in resource-limited settings, we do know that pathogens vary by geographical region. In one longitudinal review of neonatal infections in low-income countries, gram-positive organisms were nearly as frequent as gram-negatives in African countries, Streptococcus agalactiae (GBS) was uncommon in the South Asian region and Staphylococcus aureus was found less commonly in both Latin America and East Asia when compared with the other regions [5] . These worldwide reports on the prevalence of sepsis pathogens stem from broad regional findings and do not reflect the realities of a specific country or province. The absence of cohesive medical systems and methods for collecting information limits the available data in countries such as Haiti. Only one previous study reports the etiology of neonatal sepsis in Haiti [6] , and its findings were obtained from a small patient sample 20 years ago. A greater volume of studies report on other Central and South American countries including Panama [7] , Guatemala [8] , Nicaragua [9] and Peru [10] , all of which found Klebsiella spp. to be the predominant pathogen in Neonatal Intensive Care Units (NICUs).
This study seeks to add more information on the burden of severe bacterial infections and their etiology in neonates of Haiti, information of particular import given the significant morbidities and mortalities associated with infections in this age group and the global escalation in antibacterial resistance [11] .
M E T H O D S
Researchers conducted a secondary retrospective analysis of a de-identified database from the NICU at Nos Petit Frères et Soeurs-St. Damien Hospital (NPFS-SDH). Brown University concluded that the study did not require institutional review board review, as it did not meet the definition of human subjects' research as defined by Title 45 CFR 46.102(f). Records from 1292 neonates admitted to the NICU at NPFS-SDH in Port-au-Prince Haiti from 2013 to 2015 were reviewed. Seven patients were excluded from the analysis because of incomplete records. Information collected included birth weight, month and year of birth, gestational age, cranial circumference, reason for admission, laboratory data including blood culture results, primary outcome (discharged and died) and final diagnosis where designated. The primary inclusion criteria consisted of the final diagnosis being neonatal sepsis. In infants, 28 days old, with systemic signs of infection, physicians diagnosed sepsis clinically with laboratory values and blood cultures as supporting evidence when available. In the absence of a listed mortality cause, the database presumes the primary diagnosis of sepsis as the cause of death. Chi-squared test and contingency tables were used to analyze variables in SAS 9.3. Significance value was set at 0.05.
R E S U L T S
Sepsis accounted for 708 of 1292 (54.8%) of all admissions to the NICU. Infants admitted for sepsis had a mortality rate of 23% (163 of 708 infants admitted for sepsis). Infants born in the hospital accounted for 631 of those admitted for sepsis (89%), while the remaining 77 were born outside of the hospital. On average, those admitted from outside the hospital were older than those born inside the hospital, 3.8 vs. 0.5 days old, respectively (p < 0.01). Comparative analyses found that neonates admitted for sepsis who died were 2.72 times more likely to have been born outside of the hospital (95% confidence interval 2.02-3.42).
Of those admitted for sepsis, a blood culture was obtained for 319 infants (45%); the remainder were treated empirically. Cultures were positive for 236 cases (74%). In 153 (65%) of those cases, gramnegative bacteria were isolated. The most common organism cultured was S. agalactiae, followed by Klebsiella pneumoniae, Pseudomonas aeroginusa, Enterobacter aerogenes, S. aureus and Proteus mirabillis (Fig. 1) . A trend toward a difference between the causative organism for those born within the hospital and those born outside the hospital exists, with S. aureus contributing to 13% of cases outside of the hospital vs. 7% for within the hospital. However, no statistically significant difference was found.
Failure to order or obtain a culture was associated with an increased fatality [odds ratio (OR) 2.4] for infants with sepsis. Premature infants accounted for 481 (68%) of those admitted with sepsis. Prematurity was an independent risk factor for mortality in those with sepsis (OR 3.72).
D I S C U S S I O N
Infections, namely sepsis, continue to be a leading cause of infant mortality in countries with low Human Development Indices, such as Haiti [1] . In a 1997-98 study, based on data (blood and spinal fluid cultures) collected over 10 months from 42 Haitian infants, gram-negative bacteria (with a preponderance of E.aerogenes) were found to be the most common cause of early-onset sepsis (positive blood culture in <48 h of life, and/or evidence of maternal transmission) [6] . In the present study, gramnegative organisms also predominated; however, rates of E.aerogenes were much lower, and GBS was the single most commonly isolated pathogen.
The data subsequently evinced an increased mortality among patients lacking a blood culture. Developing countries share this common concern, as hospitals with limited resources may lack the capacity for a fully functional laboratory and constantly face supply chain issues. Patients presenting in extremis may also prompt physicians to start treatment with broad-spectrum antibiotics before or without any culture information. Resistance to antibiotics was observed in 42% of gram-negative organisms cultured, most notably to commonly used empiric antibiotics such as ampicillin and aminoglycosides. Lacking critical information on resistance patterns, physicians are unable to adequately tailor antibiotic therapy (and contribute to further resistance by treating empirically). Therefore, antibiotic resistance could be a contributing factor to the higher mortality rate observed in those infants for whom a culture was not obtained.
Infants presenting with sepsis and born outside of the hospital should be considered higher risk and followed for more aggressive treatment. The higher mortality rate among this subset may be related to birthing in non-sterile environments and/or delayed caregiver recognition resulting in delayed treatment.
A 2013 meta-analysis of neonatal infection rates in 13 developing countries (of which Haiti was not a part) found that S. aureus (26%), Klebsiella spp. (21%) and Escherichia coli (8%) accounted for 55% of bacteremic sepsis. When unidentified gram-negative organisms were included, the four categories accounted for 62% of bacteremic neonatal sepsis [12] . While we observed lower rates of S. aureus, our findings demonstrate that gram-negative organisms remain a significant cause of neonatal sepsis across developing countries.
This study was limited by a lack of access to original charts where confounding factors, other comorbidities and information about the mother could have been ascertained. Despite this, we achieved our aim of identifying the prevalence of different types of pathogens in a low-resource Haitian NICU, providing an important contribution to the sparse neonatal-sepsis literature in Haiti. Poor documentation of diseases leaves gaps in knowledge about how to improve current practices, particularly as it relates to peripartum administration of penicillin to prevent GBS transmission. Data that represent regional and national disease incidence in Haiti provide the framework for interventions and guidelines. In particular, more data are needed on the incidence of birth asphyxia and microbiology of neonatal infection, as well as the risk factors for adverse outcomes associated with prematurity complications.
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